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Φ1,r = iG(θ)k(Φ1 − ΦS2 − ΦI2) *& r = a. BCCD
:,$6$ )*&6'%'0'$ '+* 6$'6 *. ',$ 9*#$(&%&9 $M0"'%*& "&/ )*(($6-*&/%&9!$'
2*0&/"(7 )*&/%'%*&6 .*( ',$ /%..(")'%*& *. 6,*('4)($6'$/ +"#$6 27 " #$('%)"1!$)
-$(.*("'$/ )71%&/(%)"1 2($"3+"'$( +%', &*&0&%.*(5 -*(*6%'7@ )*(($6-*&/%&9!$*
'* 2*0&/"(74#"10$ -(*21$56 %& " 2*0&/$/ /*5"%& "&/ "& 0&2*0&/$/ /*5"%&!%+
($6-$)'%#$17A `.'$( *2'"%&%&9 ΦS2 @ Φ2 "&/ Φ1 27 6*1#%&9 ',$ "2*#$ 2*0&/"(74!%!
#"10$ -(*21$56@ "11 ',$ -,76%)"1 M0"&'%'%$6 %&)10/%&9 ',$ .10% -"('%)1$ #$1*)%'7@!%"
.($$ 60(.")$ $1$#"'%*& "&/ ',$ /7&"5%) -($660($ )"& 2$ )"1)01"'$/ ($6-$)'%#$17!%#
.(*5!%$
:j = ∇Φj , BCFD
????????????????? ?????? ???
S :"* $' "1A
ηj =
iω
g
Φj |z=0,t=0, BCGD
pj = −ρΦj,t. BCND
FAFA `c`8U:?=`8 <a8g:?ac!%%
:,$ %&)%/$&' +"#$ -*'$&'%"1 BRD )"& 2$ +(%''$& %& ',$ )71%&/(%)"1 )**(/%&"'$6!%&
"6!%'
ΦI2 = −
igA
ω
f(z, h)e−iωt
[
+∞∑
m=0
εmi
mJm(kxr) cos(mθ)
] [
+∞∑
n=0
εnJ2n(kyr) cos(2nθ)
]
,
BCRD
+,$($!%)
εm =
{
1 .*( m = 0
2 .*( m 6= 0 , BCSD
"&/ ',$ Jm "&/ J2n "($ O$66$1 .0&)'%*&6 *. m', "&/ 2n', *(/$( ($6-$)4!%*
'%#$17A!&+
<-1%''%&9 ',$ -(*/0)' *. ',$ '+* '(%9*&*5$'(%) .0&)'%*&6@ "&/ '(0&)"'%&9!&!
',$ %&.%&%' 6$(%$6 "'m = M "&/ n = N @ BCRD 2$)*5$6!&"
ΦI2 = −
igA
2ω
f(z, h)e−iωt
M∑
m=0
N∑
n=0
εmεni
mJm(kxr)J2n(kyr)
· [cos(m + 2n)θ + cos(m− 2n)θ] . BCTD
:,$ bMA BCTD )"& 2$ .0(',$( 6%5-1%.%$ "6!&#
ΦI2 = −
igA
ω
f(z, h)e−iωt
L∑
l=0
ψl(kxr, kyr) cos(lθ), BCYD
+,$($ L = M + 2N @ "&/!&$
ψl(kxr, kyr) =
1
2
{∑min{N,⌊l/2⌋}
n=max{0,⌈(l−M)/2⌉}
εl−2nεni
l−2nJl−2n(kxr)J2n(kyr)
+
∑min{N,⌊(M−l)/2⌋}
n=0
εl+2nεni
l+2nJl+2n(kxr)J2n(kyr)
+
∑min{N,⌊(M+l)/2⌋}
n=⌈l/2⌉
ε2n−lεni
2n−lJ2n−l(kxr)J2n(kyr)
}
,BC]D
????????????????? ?????? ???
!"#$ %&'$(")'%*& +%', " -$(.*("'$/ )%()01"( 2($"3+"'$( *. &*&40&%.*(5 -*(*6%'7 T
%& +,%), ⌈ ⌉ %6 " .0&)'%*& 9%#%&9 ',$ 9($"'$6' %&'$9$( 1$66 ',"& *( $M0"1 '*!&%
%'6 "(905$&' "&/ ⌊ ⌋ %6 " .0&)'%*& ($'0(&%&9 ',$ 65"11$6' %&'$9$( 9($"'$( ',"&!&&
*( $M0"1 '* %'6 "(905$&'A!&'
`))*(/%&9 '* ISJ "&/ ICXJ@ ',$ $#"&$6)$&' +"#$6 /* &*' $W%6' %& ',$ "24!&)
6$&)$ *. ($1"'$/ 2*0&/"(7 )*&/%'%*&6A :,$ 6*10'%*& *. ',$ 6)"''$($/ #$1*)%'7!&*
-*'$&'%"1 %& ($9%*& Ω2 )"& 2$ )*&6'(0)'$/ 27 ',$ .*11*+%&9 $W-($66%*&!'+
ΦS2 = −
igA
ω
f(z, h)e−iωt
{
L∑
l=0
A1l cos(lθ)Hl(kr) +
L∑
l=1
A2l sin(lθ)Hl(kr)
}
,
BFXD
+,%), 6"'%6.%$ ',$ 8"-1")$ $M0"'%*& BCD@ 2*0&/"(7 )*&/%'%*&6 BFD "&/ BGD@!'!
"&/ ',$ <*55$(.$1/ ("/%"'%*& )*&/%'%*& BCXD .*( "11 A1l "&/ A
2
l @ +,$($ Hl %6!'"
',$ ;"&3$1 .0&)'%*&6 *. ',$ .%(6 3%&/@ "&/ A1l "&/ A
2
l "($ 0&3&*+& )*5-1$W!'#
)*$..%)%$&'6!'$
<%5%1"(17@ ',$ 6*10'%*& *. ',$ #$1*)%'7 -*'$&'%"1 %& ',$ %&'$(%*( ($9%*& Ω1!'%
)"& 2$ )*&6'(0)'$/ "6!'&
Φ1 = − igA
ω
f(z, h)e−iωt
{
L∑
l=0
B1l cos(lθ)Jl(kr) +
L∑
l=1
B2l sin(lθ)Jl(kr)
}
,
BFCD
+,$($ B1l "&/ B
2
l "($ 0&3&*+& )*5-1$W )*$..%)%$&'6!''
<026'%'0'%&9 BCYD@ BFXD "&/ BFCD %&'* ',$ 2*/7 2*0&/"(7 )*&/%'%*&6 BYD "&/!')
BCCD@ "&/ &*'%&9 ',$ *(',*9*&"1%'7 -(*-$('7 *. ',$ '(%9*&*5$'(%) .0&)'%*&6@ +$!'*
,"#$!)+
B1l J
′
l (ka) = ψ
′
l(kxa, kya)/k + A
1
l H
′
l(ka), BFFD
B2l J
′
l (ka) = A
2
l H
′
l(ka), BFGD
L∑
l=0
[B1l Jl(ka)−A1l Hl(ka)− ψl(kxa, kya)] cos(lθ)
+
L∑
l=1
[B2l Jl(ka)−A2l Hl(ka)] sin(lθ)
= 1iG(θ)
{
L∑
l=0
B1l J
′
l (ka) cos(lθ) +
L∑
l=1
B2l J
′
l (ka) sin(lθ)
}
(G 6= 0),BFND
+,$($ ',$ -(%5$ /$&*'$6 ',$ /$(%#"'%#$ +%', ($6-$)' '* rA!)!
?' 6,*01/ 2$ &*'$/ ',"' BFND %6 &*' "--(*-(%"'$ +,$& G = 0A ;*+$#$(@ %.!)"
" #$(7 65"11 #"10$ B$A9A 1e−12D %6 "66%9&$/ '* G(θ)@ ($-($6$&'%&9 ',$ )"6$ *.!)#
%5-$(5$"21$ +"11@ BFND 6'%11 "--1%$6 "&/ 1$"/6 '* ,%9,17 "))0("'$ ($601'6A!)$
????????????????? ?????? ???
Y :"* $' "1A
Q(*5 BFFD "&/ BFGD@ +$ ,"#$!)%
B1l =
ψ′l(kxa, kya) + kH
′
l(ka)A
1
l
kJ ′l (ka)
, l = 0, 1, 2, . . . , L, BFRD
B2l =
H ′l(ka)
J ′l (ka)
A2l , l = 1, 2, . . . , L. BFSD
[01'%-17%&9 2*', 6%/$6 *. BFND 27 cos(jθ) Bj = 0, 1, 2, . . . , LD "&/ sin(jθ)!)&
Bj = 1, 2, . . . , LD@ %&'$9("'%&9 +%', ($6-$)' '* θ .(*5 0 '* 2pi@ "&/ .0(',$(!)'
6%5-1%.7%&9 27 ',$ *(',*9*&"1%'7 -(*-$('7 *. ',$ '(%9*&*5$'(%) .0&)'%*&6@ ',$!))
.*11*+%&9 6$' *. 1%&$"( $M0"'%*&6 %6 *2'"%&$/A!)*
;!+ <=+ 9 = 0, BFTD
%& +,%),!*+
! = [A10, A
1
1, · · · , A1L, A21, · · · , A2L]T , BFYD
= = [B10 , B
1
1 , · · · , B1L, B21 , · · · , B2L]T , BF]D
9 = −>Ψ, BGXD
; = −>?, BGCD
< = >@+ iA@′, BGFD
> = /%"9[2pi, pi, pi, · · · , pi], BGGD
? = /%"9[H0(ka),H1(ka), · · · ,HL(ka),H1(ka), · · · ,HL(ka)], BGND
Ψ = /%"9[ψ0(kxa, kya), ψ1(kxa, kya), · · · , ψL(kxa, kya), 0, · · · , 0], BGRD
@ = /%"9[J0(ka), J1(ka), · · · , JL(ka), J1(ka), · · · , JL(ka)], BGSD
@′ = /%"9[J ′0(ka), J
′
1(ka), · · · , J ′L(ka), J ′1(ka), · · · , J ′L(ka)], BGTD
????????????????? ?????? ???
!"#$ %&'$(")'%*& +%', " -$(.*("'$/ )%()01"( 2($"3+"'$( *. &*&40&%.*(5 -*(*6%'7 ]
Ajl =


∫ 2pi
0
1
G(θ) cos(jθ) cos(lθ)dθ 0 ≤ j ≤ L, 0 ≤ l ≤ L,∫ 2pi
0
1
G(θ) cos(jθ) sin(l − L)θdθ 0 ≤ j ≤ L,L + 1 ≤ l ≤ 2L + 1,∫ 2pi
0
1
G(θ) sin(j − L)θ cos(lθ)dθ L + 1 ≤ j ≤ 2L + 1, 0 ≤ l ≤ L,∫ 2pi
0
1
G(θ) sin(j − L)θ sin(l − L)θdθ L + 1 ≤ j ≤ 2L + 1, L + 1 ≤ l ≤ 2L + 1,
,
BGYD
+,$($ h/%"9i /$&*'$6 " /%"9*&"1 5"'(%W +%', ',$ $1$5$&'6 %& ',$ 6M0"($!*!
2(")3$'6 *& ',$ 5"%& /%"9*&"1A!*"
:,$ bM6A BFRD@ BFSD "&/ BFTD )*&6'%'0'$ " 6$' *. 1%&$"( $M0"'%*&6 .*( A1l @!*#
A2l @ B
1
l @ "&/ B
2
l A a&)$ ',$ #"10$6 *. ',$6$ )*$..%)%$&' "($ *2'"%&$/@ "11 ',$!*$
-,76%)"1 M0"&'%'%$6 )"& 2$ )"1)01"'$/ "))*(/%&917A!*%
FAGA H;U<?=`8 jg`c:?:?b<!*&
:,$ $1$#"'%*&6 %& ',$ %&'$(%*( "&/ $W'$(%*( ($9%*&6 "($!*'
η1 = A
{
L∑
l=0
B1l Jl(kr) cos(lθ) +
L∑
l=1
B2l Jl(kr) sin(lθ)
}
, BG]D
η2 = A
{
L∑
l=0
[ψl(kxr, kyr) + A
1
l Hl(kr)] cos(lθ) +
L∑
l=1
A2l Hl(kr) sin(lθ)
}
.
BNXD
:,$ -($660($6 *& ',$ 2*0&/"(7 B%&'$(%*( "&/ $W'$(%*(D "($!*)
p1 = ρgAf(z, h)e
−iωt
{
L∑
l=0
B1l Jl(ka) cos(lθ) +
L∑
l=1
B2l Jl(ka) sin(lθ)
}
,
BNCD
p2 = ρgAf(z, h)e
−iωt
{
L∑
l=0
[ψl(kxa, kya) + A
1
l Hl(ka)] cos(lθ) +
L∑
l=1
A2l Hl(ka) sin(lθ)
}
.
BNFD
:,$ '*'"1 .*()$ -$( 0&%' 1$&9', %& ',$ /%($)'%*& *. s Bs = x, yD %6!**
dFs
dz
= a
[∫ 2pi
0
(p1 − p2) · ϕsdθ
]
= Ps(kx, ky, k, a) · ρgaA · f(z, h)e−iωt,
BNGD
+,$($ ',$ .0&)'%*& Ps(kx, ky, k, a) %6 " &*&/%5$&6%*&"1 -"("5$'$( *.
dFs
dz"++
+%',*0' ',$ )*&6'"&' '$(5 ρgaA · f(z, h)e−iωt@ "&/"+!
????????????????? ?????? ???
CX :"* $' "1A
ϕx = cos(θ), ϕy = sin(θ). BNND
O7 ',$ *(',*9*&"1%'7 *. ',$ '(%9*&*5$'(%) .0&)'%*&6@ *&17 ',$ '$(5 l = 1"+"
%& ',$ 6$(%$6 BNCD "&/ BNFD ($5"%&6@ 6* ',"' ',$ .0&)'%*& Ps(kx, ky, k, a) )"&"+#
2$ $W-($66$/ $W-1%)%'17 "6"+$
Px(kx, ky, k, a) = pi ·
[
B11J1(ka)− ψl(kxa, kya)−A11H1(ka)
]
, BNRD
Py(kx, ky, k, a) = pi ·
[
B21J1(ka)−A21H1(ka)
]
. BNSD
:,$ .0&)'%*& Ps(kx, ky, k, a) /$'$(5%&$6 ',$ .%(6'4*(/$ '*'"1 .*()$ %& ',$ s"+%
Bs = x, yD /%($)'%*& *& ',$ -$(.*("'$/ )71%&/(%)"1 6'(0)'0($@ Fs@ +,%), )"& 2$"+&
*2'"%&$/ 27 %&'$9("'%&9 BNGD +%', ($6-$)' '* z@"+'
Fs =
∫ 0
−h
dFs
dz
dz = Ps(kx, ky, k, a) · ρghaAe−iωt · tanh(kh)/kh. BNTD
:,$ '*'"1 5*5$&'6 "2*0' "& "W%6 -"("11$1 '* ',$ y "&/ x "W%6 -"66%&9"+)
',(*09, ',$ 2*''*5 *. ',$ )71%&/(%)"1 6'(0)'0($ ($6-$)'%#$17 "($"+*
My =
∫ 0
−h(z + h)
dFx
dz dz = Px(kx, ky, k, a)ρgh
2aAe−iωtZ(kh), BNYD
Mx = −
∫ 0
−h(z + h)
dFy
dz dz = −Py(kx, ky, k, a)ρgh2aAe−iωtZ(kh),BN]D
+,$($"!+
Z(kh) = [kh tanh(kh) + sech(kh)− 1]/(kh)2. BRXD
?' %6 &*'$/ .(*5 BNTD 4 BN]D ',"' *&17 ',$ .0&)'%*& Ps(kx, ky, k, a) &$$/6 '*"!!
2$ /$'$(5%&$/ %& *(/$( '* /$(%#$ "11 ',$ 6026$M0$&' ($601'6A"!"
FANA 8?[?:?ck =`<b"!#
Q*( 0&%.*(5 -*(*06 )71%&/$(@ %A$A G(θ) = G0@ 5"'(%W A 2$)*5$6 " /%"9*&"1"!$
5"'(%W "&/ ',$ 6*10'%*& )"& 2$ $W-($66$/ $W-1%)%'17 "6"!%
A1l = −
ipikaG0[ψlJ
′
l (ka)− ϕ′lJl(ka)/k] + piaϕ′lJ ′l (ka)
2G0 + pikaJ ′l (ka)H
′
l(ka)
, BRCD
B1l =
−ipikaG0[ψlH ′l(ka)− ϕ′lHl(ka)/k]
2G0 + pikaJ ′l (ka)H
′
l(ka)
, BRFD
A2l = B
2
l = 0. BRGD
????????????????? ?????? ????
!"#$ %&'$(")'%*& +%', " -$(.*("'$/ )%()01"( 2($"3+"'$( *. &*&40&%.*(5 -*(*6%'7 CC
B( C*#38$# &2. ;4#'3##4-2"!&
Q%9A F 6,*+6 ',$ #"(%"'%*&6 *. +"#$ "5-1%.%)"'%* .")'*( B|η|/AD "' ',$ *(%9%&"!'
r = 0 B1$.'D "&/ &*&/%5$&6%*&"1 +"#$ .*()$6 *& ',$ 2($"3+"'$( B(%9,'D vs."!)
kaA Q%96A FB"D "&/ FB/D )*(($6-*&/ '* ',$ )"6$ *. " 2($"3+"'$( +%', " 0&%.*(5"!*
-*(*6%'7 BG0 = 1D@ "&/ Q%96A FB2 l $D "&/ FB) l .D )*(($6-*&/ '* ',$ )"6$6""+
*. " 2($"3+"'$( +%', " -"('%"1 6*1%/ +"11 "&/ " -"('%"1 *-$&%&9 ($6-$)'%#$17""!
"' 175◦ < θ < 185◦ +%', ',$ 2"1"&)$ *. ',$ -*(*6%'7 ($5"%&%&9 "' G0 = 1A"""
="6$6 )*5-(%6%&9 *. . #$ /%..$($&' +"#$ 6-($"/ "&91$6 "' β = 0@ pi/8@ pi/4@""#
3pi/8@ "&/ pi/2 B+,$($ β = arctan(ky/kx)D "($ )"1)01"'$/ "&/ ',$ ($601'6 "($""$
-1*''$/A `6 )"& 2$ 6$$& %& Q%9A FB"D@ "11 ',$ )0(#$6 ($-($6$&'%&9 +"#$ "5-1%.%""%
)"'%*& .")'*(6 *. /%..$($&' +"#$ 6-($"/ "&91$6 )*%&)%/$ +%', *&$ "&*',$(A :,%6""&
%6 " )1$"( %&/%)"'%*& ',"' ',$ +"#$ "5-1%.%)"'%* .")'*( "' *(%9%& %6 %&/$-$&/$&'""'
*. ',$ +"#$ 6-($"/ "&91$ β .*( 2($"3+"'$(6 +%', " 0&%.*(5 -*(*6%'7A :,$ +"#$"")
"5-1%.%)"'%* .")'*( "' *(%9%& %6 6$$& '* /$)($"6$ 5*&*'*&%)"117 .(*5 C '*""*
"--(*W%5"'$17 ,"1. "6 ka %&)($"6$6 0- '* "2*0' FAF@ "&/ ',$& %&)($"6$ 5*&*4"#+
'*&%)"117 '* "2*0' C 2$.*($ ka ($"),$6 "(*0&/ GAY "&/ ".'$(+"(/6 .10)'0"'"#!
"9"%&A `6 6,*+& %& Q%9A FB2D@ ',$ #"(%"'%*& *. +"#$ "5-1%.%)"'%* .")'*( .*( ""#"
2($"3+"'$( +%', " -"('%"1 6*1%/ +"11 %6 #$(7 6%5%1"( '* ',"' *. " 2($"3+"'$( +%',"##
" 0&%.*(5 -*(*6%'7A ;*+$#$(@ +"#$6 *. /%..$($&' β #"10$6 ($601' %& 61%9,'17"#$
/%..$($&' "5-1%.%)"'%* .")'*(6A ?' %6 6$$& ',"' " 6'"&/%&9 +"#$ Bβ = pi/2D '$&/6"#%
'* ($601' %& ',$ ,%9,$6' "5-1%.%)"'%* .")'*( +,%16' ',$ %&)%/$&' 6,*('4)($6'$/"#&
+"#$ +%', kx = ky -(*/0)$6 ',$ 1*+$6' "5-1%.%)"'%* .")'*( .*( " 1"(9$"#'
("&9$ *. kaA `6 %&/%)"'$/ %& Q%9A FB)D@ ',$ #"(%"'%*& *. "5-1%.%)"'%* .")'*("#)
.*( ',$ 2($"3+"'$( +%', " -"('%"1 *-$&%&9 %6 6%5%1"( '* ',"' .*( ',$ 2($"3+"'$("#*
+%', " 0&%.*(5 -*(*6%'7 "' 1"(9$ kaA ` /%6'%&)' .$"'0($ *. ',$ #"(%"'%*& *."$+
"5-1%.%)"'%* .")'*( %6 ',"' "& "//%'%*&"1 -$"3 %6 )1$"(17 *26$(#$/ .*( $"),"$!
6,*('4)($6'$/&$66 "' "(*0&/ ka = 0.2@ "&/ ',$ 5"W%505 "5-1%.%)"'%* .")'*("$"
"' *(%9%& %6 "2*0' CACRA Q0(',$(5*($@ "6 *&$ +*01/ $W-$)'@ " -1"&$ +"#$ %6"$#
6$$& '* ($601' %& ',$ ,%9,$6' "5-1%.%)"'%* .")'*(@ +,%1$ " 6'"&/%&9 +"#$ '$&/6"$$
'* ($601' %& %'6 1*+$6' #"10$ .*( ka ≤ 3A"$%
Q*( " 2($"3+"'$( +%', " 0&%.*(5 -*(*6%'7@ ',$ &*&/%5$&6%*&"1 +"#$ .*()$"$&
%& ',$ /%($)'%*& *. +"#$ -(*-"9"'%*& BQ%96A FB/D4FB.DD@ /$)($"6$6 "6 ',$ 6,*('4"$'
)($6'$/&$66 %&)($"6$6A ?& .")'@ ',$ +"#$ .*()$ 2$)*5$6 \$(* +,$& ',$ 6,*('4"$)
)($6'$/&$66 "((%#$6 "' %'6 5"W%505 #"10$ B%A$A@ 6'"&/%&9 +"#$6D@ 6%&)$ ',$"$*
)*&.%90("'%* %6 6755$'(%) "2*0' ',$ y4"W%6A H$"36 "&/ '(*09,6 *))0( "' "-4"%+
-(*W%5"'$17 ',$ 6"5$ ka #"10$ .*( /%..$($&' 6,*('4)($6'$/&$66A ;*+$#$(@ .*("%!
',$ 2($"3+"'$( +%', " -"('%"1 6*1%/ +"11 BQ%9A FB$DD *( "& *-$&%&9 BQ%9A FB.DD@"%"
',$ +"#$ .*()$6 %&/0)$/ 27 " 6'"&/%&9 +"#$ "($ &* 1*&9$( \$(*@ 6%&)$ &*+"%#
',$ )*&.%90("'%* %6 &*&6755$'(%) "2*0' ',$ y4"W%6 "&/ ',$ -$"36 "&/ '(*09,6"%$
.*( /%..$($&' 6,*('4)($6'$/&$66 '$&/ '* *))0( "' 61%9,'17 /%..$($&' #"10$6 *. kaA"%%
[*($ 6-$)%.%)"11 @ ',$ -$"36 "&/ '(*09,6 *))0( "' 1"(9$( ka .*( ',$ -"('%"1"%&
6*1%/ +"11@ +,%1$ ',$7 *))0( "' 65"11$( #"10$6 *. ka .*( ',$ *-$&%&9A L0$ '*"%'
????????????????? ?????? ????
CF :"* $' "1A
',$ "6755$'(7 %& ',$ )*&.%90("'%*& ',$ 2($"3+"'$( +%', " -"('%"1 6*1%/ +"11"%)
7%$1/6 ',$ 1"(9$6' +"#$ .*()$ "&/ ',$ *&$ +%', " -"('%"1 *-$&%&9 9%#$6 ',$"%*
65"11$6' +"#$ .*()$@ $W)$-' .*( ',$ )"6$ *. 6'"&/%&9 %&)%/$&' +"#$A"&+
Q%9A G 6,*+6 ',$ %&.10$&) *. ',$ -*(*6%'7 *& ',$ +"#$ "5-1%.%)"'%* .")'*("&!
"' ',$ *(%9%& r = 0 B1$.'D "&/ +"#$ .*()$6 *& ',$ 2($"3+"'$( B(%9,'D .*( " 2($"34"&"
+"'$( +%', 0&%.*(5 -*(*6%'7 G0@ " -"('%"1 6*1%/ +"11 "&/ " -"('%"1 *-$&%&9 "'"&#
175◦ < θ < 185◦ +%', -*(*6%'7 *. ',$ ($5"%&%&9 -"('G0A `6 )"& 2$ 6$$& .(*5"&$
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